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Abstract

Background: Homelessness has been associated with multiple detrimental health outcomes across observational
studies. However, relatively few randomized controlled trials (RCTs) have been conducted on people who experience
homelessness (PEH). Thus, this umbrella review ranked the credibility of evidence derived from systematic reviews
(SRs) and meta-analyses (MAs) of observational studies investigating the associations between homelessness and any
health outcome as well as RCTs targeting health needs in this population.

Methods: Several databases were systematically searched from inception through April 28, 2021. Any SR and/or MA
reporting quantitative data and providing a control group were eligible for inclusion. The credibility of the evidence
derived from observational studies was appraised by considering the significance level of the association and the
largest study, the degree of heterogeneity, the presence of small-study effects as well as excess significance bias.
The credibility of evidence was then ranked in five classes. For SRs and/or MAs of RCTs, we considered the level of
significance and whether the prediction interval crossed the null. The AMSTAR-2 and AMSTAR-plus instruments were
adopted to further assess the methodological quality of SRs and/or MAs. The Newcastle-Ottawa Scale (NOS) was
employed to further appraise the methodological quality of prospective cohort studies only; a sensitivity analysis
limited to higher quality studies was conducted.

Results: Out of 1549 references, 8 MAs and 2 SRs were included. Among those considering observational studies,

23 unique associations were appraised. Twelve of them were statistically significant at the p<0.005 level. Included
cases had worst health-related outcomes than controls, but only two associations reached a priori-defined criteria for
convincing (class I) evidence namely hospitalization due to any cause among PEH diagnosed with HIV infection, and
the occurrence of falls within the past year among PEH. According to the AMSTAR-2 instrument, the methodological
quality of all included SRs and/or MAs was “critically low." Interventional studies were scant.

Conclusion: While homelessness has been repeatedly associated with detrimental health outcomes, only two
associations met the criteria for convincing evidence. Furthermore, few RCTs were appraised by SRs and/or MAs. Our
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umbrella review also highlights the need to standardize definitions of homelessness to be incorporated by forthcom-
ing studies to improve the external validity of the findings in this vulnerable population.

Keywords: Homeless, Health outcomes, Severe mental illness, Umbrella review

Background

Homelessness is an important social, public health,
and human rights issue worldwide. The prevalence of
homelessness varies among diverse countries and cul-
tures around the world. Lifetime prevalence estimates
from representative samples are 4.2% in the USA [1] to
4.9% in Europe [2]. However, high-quality data on the
prevalence of homelessness in low- and middle-income
countries (LMICs) is scant.

The operational definitions for homelessness likewise
vary across different literature sources and settings [3]
although a commonly accepted and implemented defi-
nition of homelessness globally comes from the Euro-
pean Typology of Homeless and Housing Exclusion
study [4].

People experiencing homelessness (PEH) may face
social and economic challenges that may lead to poor
health, such as poverty, poor nutrition, and social
exclusion. People who lack stable and appropriate
housing appear to be at relatively high risk for a broad
range of acute and chronic illnesses, especially infec-
tious diseases, heart diseases, substance use disorders,
and severe mental disorders [5]. However, it is unclear
whether homelessness causes these disorders or other-
wise these illnesses per se contribute to homelessness.
Finally, evidence indicates that PEH has a lower prob-
ability of receiving proper care for their health condi-
tions compared to the general population [6].

Data about differences in the prevalence of multiple
health conditions between PEH and the general popu-
lation is substantially unreliable, as exemplified by cur-
rent knowledge about mental health [7] and infectious
diseases among PEH [8]. Cohort and case-control stud-
ies have reported various health outcomes associated
with homelessness, and several health outcomes have
been the subject of a multitude of systematic reviews
(SRs) and meta-analyses (MAs). While informative,
this latter knowledge synthesis is usually restricted
to a single outcome, and some of their results may be
affected by biases, which are often poorly appraised
[9]. Furthermore, randomized controlled trials (RCTs)
targeting health-related outcomes in homeless popula-
tions are few, thus providing limited evidence to inform
health policies [10]. Specifically, significant associations
claimed by the original observational studies, or their
pooled synthesis may be susceptible to biases such as
excess significance [11], publication bias, reporting

bias, and residual confounding, leading to misleading
or inflated estimates of these associations [12].

Umbrella reviews (URs)—a systematic collection and
appraisal of SRs and MAs performed on a specific topic
[13]—can disentangle the aforementioned biases through
appraising the quality and comprehensiveness of the
data, and hence, assess which associations derived from
observational studies are supported by the most credible
evidence. Likewise, URs can provide a methodological
appraisal of RCTs targeting a specific population or con-
dition. Thus, in the current report, we aimed to conduct
an umbrella review of the evidence from observational
studies and RCTs considering multiple health outcomes
involving PEH. In particular, we aimed at (i) assessing the
reported association measures between homelessness
and any health outcome and (ii) appraising the interven-
tions targeting any health outcome among PEH.

Methods

Search strategy

We performed an umbrella review that included obser-
vational or RCTs that investigated the association
between homelessness and any health outcome. The
PubMed/MEDLINE, EMBASE, and SCOPUS data-
bases were systematically searched from inception up
to April 28, 2021. The following string was adopted
for PubMed: (((“homeless persons’[MeSH Terms])
OR (“homeless youth’[MeSH Terms])) OR (“vulner-
able populations’[MeSH Terms]) OR (homeless*[Title/
Abstract])) AND (((((“meta analysis as topic’[MeSH
Terms]) OR (“systematic reviews as topic’[MeSH
Terms])) OR (“meta analysis”[Title/Abstract])) OR (“sys-
tematic review”[Title/Abstract]))). Please see Additional
file 1: material 1. The definition of homelessness and
related phenomena were independently recorded by two
investigators.

Eligibility criteria

For the synthesis of evidence from SRs and MAs
of observational studies, we included those studies
reporting any health outcome among PEH compared to
the general population or otherwise provided controls
(i.e., people who are not experiencing homelessness,
PEH without a particular exposure). We excluded those
SRs or MAs of observational studies that only pro-
vided prevalence estimates of a given health condition
in PEH without providing a measure of association.
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Specifically, those studies reporting interventions just
targeting housing, but not the related health status,
were likewise excluded. The SRs and MAs of RCTs
suitable for inclusion were those documenting inter-
ventions targeting any health outcome among PEH;
controls were PEH exposed to a health-targeting inter-
vention different from the health-outcome intervention
delivered to PEH cases. Eligible quantitative SRs and
MAs of observational studies had to include at least 3
studies; eligible SRs and MAs of intervention studies
had to include at least 5 studies. The rationale for this
inclusion criterion is explained in detail elsewhere [14].
In the case of multiple MAs reporting on the same topic
(i.e., overlapping with the same type of intervention or
exposure), we considered only the one that included the
largest number of studies as it is a standard procedure
in previously conducted umbrella reviews [15, 16]. In
cases there were two or more MAs pooling the same
number of studies, we retained the most recent one.
Qualitative reports were excluded. There were no lan-
guage restrictions for the inclusion of studies for this
umbrella review.

The protocol for this study was registered in PROS-
PERO with the following numbers: CRD42021252185,
for the protocol investigating observational studies,
and CRD42021252191 for the protocol that assessed
evidence from intervention studies, respectively. Com-
plete versions of each protocol are fully available online
at https://osf.io/am67d/ and https://osf.io/58mhu/.

Data extraction

Three investigators (MDP, MB, MF) independently
searched title/abstracts of retrieved references for eli-
gibility, and when a consensus could not be achieved,
additional authors with considerable expertise in
umbrella reviews (AFC, MS, LS) and the study of home-
lessness (LS, JGF, SH, MK) were consulted. The same
procedure was followed at the full-text level. The refer-
ence lists of included studies were also searched for the
identification of additional eligible references. Among
other variables, we recorded the following: publication
year, considered health outcome, study design, number
of the included studies, total sample size, homeless-
ness definition, and disclosure of sponsorship. For each
primary study included in the SRs or MAs, we addi-
tionally recorded the first author, year of publication,
study design (i.e., cohort, case-control, cross-sectional,
RCT), setting of the study (i.e., inpatients, outpatients,
population-based), number of subjects included in the
study (total sample, cases, and controls), sex, ethnicity,
both adjusted and unadjusted effect sizes (ES), and 95%
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confidence interval (CI). Intervention and mean dura-
tion of RCT studies were likewise extracted.

Data analysis and assessment of the credibility of evidence
We re-analyzed each eligible MA using the extracted
individual study estimates to compute the summary
effect estimates and the exact p-value under the random-
effects model with DerSimonian and Laird method if
included studies were equal or more than 10, and Har-
tung, Knapp, Sidik, and Jonkman (HKS]J) if less than 10
[17, 18]. Cochran’s Q test and the 2 statistics were com-
puted for the evaluation of heterogeneity across studies
(I*>50% indicated high heterogeneity) [19, 20]. To further
account for heterogeneity between studies, we computed
95% prediction intervals for the summary random-effect
estimates [21]. We evaluated the presence of small-study
effects (i.e., large studies fetching significantly more con-
servative results than smaller studies) by adopting the
Egger’s regression asymmetry test (»p<0.10) [22]. For sta-
tistically significant MAs, we assessed the presence of
excess significance bias by evaluating whether the num-
ber of observed studies with nominally statistically sig-
nificant results was different from the expected number
of studies with statistically significant results [23]. The
expected number of statistically significant studies in
each association was calculated from the sum of the sta-
tistical power estimates for each component study using
an algorithm from a non-central t distribution [24-26].
The power estimates of each component study depended
on the plausible effect size of the tested association,
which was assumed to be the effect size of the largest
study in each MA [27]. The presence of excess signifi-
cance bias for individual MAs was considered at p<0.10.
The credibility of the evidence of each association pro-
vided by MAs of observational studies was assessed
using the criteria previously applied in various medical
fields [26, 28, 29], waiving the “number of cases” criterion
since some health outcomes of PEH represent infrequent
events. Briefly, the associations that presented nomi-
nally significant random-effect summary estimates were
considered as “convincing” (Class I), “highly suggestive”
(Class 1I), “suggestive” (Class III), “weak evidence” (Class
IV), or “non-significant” (NS). Please, see the credibility
box in Additional file 1: Table S1. For MAs of interven-
tion studies, we assessed the significance of the pooled
effect size as P<0.005, P=0.005-0.005, and P>0.05 [30],
the 95% prediction interval (excluding the null or not),
the significance of the effect size of the largest study, and
the presence of large heterogeneity (i.e., >50%) [31]. In
addition, the methodological quality of those SRs and/or
MAs was further appraised with the Assessment of Mul-
tiple Systematic Reviews Plus (AMSTAR-Plus) instru-
ment [32]. All statistical tests were two-tailed. The data
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abstraction was performed using pre-defined Microsoft
Excel® forms, while the statistical computations were
carried out by an expert senior author (ED) using the
STATA/SE, version 17.0 (StataCorp LLC) software. For
each eligible quantitative report, two investigators (MDP
and MB) independently rated the methodological quality
using the AMSTAR-2 (Assessment of multiple SRs) tool
[33] for quantitative SRs or MAs of observational stud-
ies. The prospective cohort studies included in the quan-
titative SRs or MAs of observational studies were rated
for quality using the Newcastle-Ottawa scale (NOS) [34].
Finally, we adopted the following thresholds for the NOS
scores: “good quality” (3-4 stars in the “selection domain”
AND 1-2 stars in the “comparability” domain AND 2-3
stars in the “outcome” domain), “fair quality” (2 stars in
the “selection domain” AND 1-2 stars in the “compara-
bility” domain AND 2-3 stars in the “outcome” domain),
and “poor quality” (0-1 stars in the “selection domain”
OR 0 stars in the “comparability” domain OR 0-1 star in
the “outcome” domain) [35].

Results

The search returned 1549 potentially eligible records,
of which 11 records were manually retrieved. Upon title
and abstract screening, 189 records were further assessed
at the full-text level, of which 179 were excluded with
reasons as detailed in Additional file 1: Table S2 [7, 8,
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36-210]. Nine SRs or MAs of observational studies [211-
219] were included, which yielded 23 comparisons. One
MA of interventional studies [220] fetched two compari-
sons. Figure 1 provides a flowchart for study selection.

Given the scant evidence for intervention studies, we
decided to combine the reporting of both registration
protocols into a single publication.

Descriptive characteristics of the 10 included eligible
SRs and MAs of observational and intervention studies
are outlined in Table 1. The observational studies had
the following control groups: PEH without SUD [211],
PEH who did not inject drugs [212], people not experi-
encing homelessness [213-215, 218, 219], or the general
population [216, 217]. Although substantially overlap-
ping, we nonetheless recorded “people not experienc-
ing homelessness” and “general population” controls, as
documented by the original study at review. The included
MA of RCTs controlled for various treatment exposures
[220].

Description and summary of associations

Observational studies

Nine eligible SRs and/or MAs of observational stud-
ies assessed 23 associations, evaluated by 122 indi-
vidual studies from 73 original reports, estimating
adverse health outcomes associated with homelessness.
Six (26.1%) associations concerned various causes of

Excluded (n=179):

Not a MA or SR (n=35)

Citations identified in literature search (n=1,549 of which PubMed/MedLine=394,
Embase=422, Scopus=722, manual search=11)

Duplicates(n=524), or citationsexcluded based on title or
abstract (n=836)

Citationsretrieved for more detailed evaluation (n=189)

Unrelated to our research topic (n=42)

Only prevalence data provided (n=35)
MA or SR providing insufficient number of studies according to our

Data not extracted owing to more extensive
meta-analysis (n=0)

e
protocol (n=27)
Full-text could not be retrieved (n=6)
Other (n=34)
y
Studies meeting criteria (n=10)
—

Studies where data were extracted (n=10; 8 MAs and 2 SRs)

Fig. 1 Flowchart of the literature search and evaluation process returning 10 systematic reviews and meta-analyses
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mortality among PEH, five (21.7%) associations regarded
health outcomes related to HIV infection, and four
(17.4%) associations inquired about premature geriatric
syndromes (e.g., falls, functional limitations). Please refer
to Fig. 2 for additional details. Twelve out of 23 (52.2%)
associations were nominally statistically significant at a
»=<0.005 level based on the random-effects model, and 7
(30.4%) reached p<1x107°. Fifteen associations (65.2%)
had large heterogeneity, and the 95% prediction interval
excluded the null value for only five associations (21.7%).
In twenty associations (86.9%), the effect of the largest
study was statistically significant at p<0.05. A small-
study effect was detected in one association (4.3%), and
excess significance bias occurred in one out of ten studies
suitable for such estimation (10%). Please refer to Table 2
for details.

Intervention studies

One eligible MA of intervention studies documented
two therapeutic interventions, evaluated by 10 unique
RCTs from 10 original reports, estimating interventions
associated with mental health status among PEH [220].
One association concerned the psychological interven-
tions among PEH diagnosed with depression, while the
remaining one dealt with psychological interventions for
anxiety. None of the assessed associations reached a sta-
tistically significant value at p<0.005 based on the ran-
dom-effects model [30]. The degree of heterogeneity of
the documented associations was quantified in "=42.5%
for depression and 39.9% for anxiety. The 95% predic-
tion intervals crossed the null for the outcomes of both
interventions. Neither of the largest studies of the two
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associations was statistically significant at p<0.05. Please
refer to Table 3 for details.

Grading of systematic reviews and meta-analyses

of observational studies

Concerning the SRs and/or MAs of observational stud-
ies, none of them concurrently reached a “convincing
evidence” threshold, according to the adapted credibility
box, and a “high quality” score based on the AMSTAR-2
tool. According to the latter, every SR and/or MA
included in the present study was rated as having “criti-
cally low” methodological quality. Please refer to Addi-
tional file 1: Table S3 [211-219].

Convincing evidence

Among the 23 associations, two (8.7%) were supported
by “convincing evidence”: hospitalization due to any
cause among PEH diagnosed with HIV infection and the
occurrence of falls within the past year among PEH. Both
health outcomes were more common among PEH com-
pared to non-homeless controls.

Highly suggestive evidence

Five (21.7%) associations were rated “highly suggestive
evidence”: (1) mortality due to any cause; (2) mortal-
ity due to external causes (i.e., intentional injury, unin-
tentional injury, poisoning) among PEH compared to
the general population; (3) HCV-infection among PEH
using injection drugs compared to those who did not;
(4) the presence of limitations in activities of daily living
(ADL, e.g., dressing, eating, toileting); and (5) instrumen-
tal activities of daily living (IADL, e.g., using telephone,

Cardio-vascular diseases | NN

Frailty and related outcomes

Health Outcomes

Opioid-related overdose | NN

0 1

outcome

Infectious diseases | NEG_——

Reported Health Outcomes the included Meta-analyses

|
HIV-related health outcomes [ N RN

Mental health problems [N
Mortality |

3 4 5 6 7

Number of Meta-analyses pr Systematic Reviews
Fig. 2 Number of systematic reviews or meta-analyses of observational studies reporting health outcomes among PEH by category of health
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using transportations, taking medications) among PEH
compared to non-homeless controls. These above-men-
tioned health outcomes were more common among PEH
compared to their respective controls. Mortality due to
any cause and mortality due to external causes had high
standardized mortality ratios=6.22 (95% C.1.=4.2-9.2),
and SMR=15.75 (95% C.1.=10.58-23.44), respectively.

Suggestive, weak, and no evidence

Five (21.7%) associations were rated “suggestive evi-
dence, four (17.4%) were “weak evidence, while “no
significant evidence” was found in seven (30.5%)
associations.

Grading of systematic reviews and meta-analyses

of intervention studies

Concerning intervention studies, the sole MA retrieved
obtained a score of “10” at the AMSTAR-plus. Please
refer to Table 3 for details.

Sensitivity analysis

A sensitivity analysis limited to high-quality prospective
cohort studies included eleven (47.8%) associations, rated
according to the NOS. Upon sensitivity analysis, two
associations worsen, and one association improved in
terms of credibility evidence. Hospitalization due to any
cause among PEH with HIV infection shifted from “con-
vincing evidence” to “highly suggestive evidence’, non-
adherence to antiretroviral therapy (ART) among PEH
with HIV infection shifted from “suggestive evidence” to
“weak evidence’, and mortality due to any cause among
PEH with SUD up-graded from “no significant evidence”
to “highly suggestive evidence”. Please refer to Additional
file 1: Table S4 [211, 214, 217, 219].

Discussion

Statement of principal findings

We found convincing evidence that all-cause hospitali-
zation in people with HIV infection and the occurrence
of falls within the past year were more common among
PEH compared to comparison populations. We also
found highly suggestive evidence that mortality due to
any cause; mortality due to external causes; hepatitis C
infection among PEH using injection drugs; limitations
in activities of daily living; and limitations in instrumen-
tal activities of daily living were significantly more com-
mon in PEH compared to their comparison populations.
Mortality due to any cause and mortality due to external
causes had high standardized mortality ratios such that
PEH had a mortality rate six times their comparison
groups and they were about 15 times more likely to die
from either accidents or intentional self-harm.
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Strengths and limitations

To our knowledge, this study is the first umbrella review
that systematically inquired about any health-related out-
comes and interventions among PEH, grading the evi-
dence by using previously adopted and widely accepted
criteria of credibility [14, 16, 29, 31, 221]. All SRs/or MAs
of observational studies were graded as having “critically
low” methodological quality according to the AMSTAR-2
instrument. Among the associations rated with “highly
suggestive evidence’, two were not deemed as “convinc-
ing” due to high heterogeneity. Overall, 65.2% of the
associations covered by the present umbrella review were
hampered by high heterogeneity, which held upon con-
trolling for high-quality prospective studies (seven out of
eleven associations—63.6%—had an >>50%).

The differences in definitions of “homelessness” and
thus categories of homelessness (for example individuals
without permanent housing who may live on the streets;
stay in a shelter, mission, single room occupancy facili-
ties, abandoned building or vehicle; or in any other unsta-
ble or non-permanent situation) adopted by the authors
of the included SRs or MAs could likewise account for
the high rates of heterogeneity. Half of the appraised
studies lacked a “homelessness” definition, and the
remaining half provided a broad definition, as detailed in
Table 1. The timeframe for the homelessness definition,
or its related labels, varied across the individual studies
included by the appraised SRs or MAs, often merging
people who were currently homeless with people who
were experiencing this condition within varying time-
frames (i.e., 30-day, 6-month, or 12-month intervals, as
usually documented by the authors of the original stud-
ies). Future research should, therefore, rely on consistent
operational definitions, or otherwise stratify their results
accordingly, especially considering that substantial vari-
ability of the adopted definitions exists across different
world regions [222].

The limitations of this review include the exclusion
of RCTs on the impact of housing interventions (Hous-
ing First) on PEH. However, such interventions were not
deemed eligible for inclusion according to our a priori
criteria since we focused on those interventions directly
targeting health outcomes in PEH rather than on inter-
ventions aimed at reducing the burden of homelessness.
Sensitivity analyses were restricted to high-quality pro-
spective studies. Because of the lack of relevant SRs or
MAs, we could not appraise otherwise relevant associa-
tions between homelessness and health outcomes such as
alcohol-related issues, cancer, or infectious diseases other
than HIV or HCV. Mental illness-related issues were only
accounted for by three comparisons focusing on children
experiencing homelessness [223].
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Comparison with previous studies

Considering the two associations reaching “convincing
evidence” before sensitivity analysis, the documented
hospitalization trend due to any cause in people with
HIV is consistent with a recent retrospective cohort
study [224]. A significant increase in “falls during the
previous year” may be the result of high rates of concur-
rent geriatric syndromes, alcohol use disorders, and drug
abuse as described elsewhere [225].

Hence, upstream (e.g., poverty, poor nutrition, barriers
to healthcare, and HIV treatment) and downstream fac-
tors (i.e., comorbidities and multimorbidity) significantly
affect PEH [5], jeopardize their healthcare, and inflate
their hospitalization rates compared to the general popu-
lation [222].

Although we were unable to include any SR and MA
reporting on the relationship between the COVID-19
pandemic and homelessness, PEH could be at higher
risk also at developing hospitalization or fatalities due to
COVID-19 according to recent evidence [226] although
this finding deserves replication, providing evidence for
the need of well-designed interventions targeting this
vulnerable population.

Conclusions and implications for further research
This review adds weight to arguments about why reduc-
ing homelessness should be a priority beyond human
rights justification. The evidence that experiencing home-
lessness leads to worse health outcomes is only a second-
ary consideration for providing affordable housing albeit
an important one. Housing reduces hospitalization rates
according to RCTs involving PEH with chronic illnesses
[227, 228]. This study demonstrates that a readily treat-
able illness such as HIV is not adequately managed in
PEH resulting in significant downstream healthcare costs
in addition to preventable patient suffering. A recent SR
identified that housing PEH (in the short term) improves
some aspects of health in this population with HIV, anxi-
ety, and depression [229].

However, focusing just on providing housing for this
population does not mean that an individual’s health
needs are automatically solved. We know from Housing
First studies that just providing housing does not result
in improvements in mental health or addictions after a
year, especially in people who have experienced signifi-
cant trauma [55]. This umbrella review suggests that the
health effects of homelessness are serious, longstanding,
and involve all parts of the health system. Finally, while
psychological interventions are expected to be more
effective than TAU in reducing the burden of the asso-
ciated health condition among clinical and non-clinical
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populations [230], the herein reviewed MA focusing on
PEH on the matter [220] failed to reach a statistically sig-
nificant threshold according to our conservative p value
set at p=.005, though it could not be excluded the condi-
tion of homelessness itself could attenuate the effects of
such psychological interventions.

What is needed now are studies that look at better
coordination of care for this population that may involve
hospitals and community partners as well as programs
to address health issues in people recently housed after
experiencing homelessness. In addition, it should be
reiterated that there is an urgent need for international
standardization of housing status to improve research
rigor that could improve the external generalizability
of this field and hence direct policy. Furthermore, more
studies should be conducted in low- and middle-income
countries as the vast majority of studies to date on this
topic have been performed in developed nations. Such
bias related to the geographical region may depend on
a variety of issues, including, but not necessarily limited
to, public health policies as well as the limited funding in
LMICs. Lastly, more SRs and MAs with enhanced meth-
odological quality are an unmet need in this field.
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